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(54) Receiver and gain controi method of tiie same 


(57) A plurality of target values for generating a gain 
control signal are provided such that switching is per- 
formed between the target values with a baseband sig- 
nal processing unit. Specifically, the baseband signal 
processing unit nnonitors the state of a received signal 
to select an appropriate one of the target values based 
on the monitoring result. The selected target value is 
compared with a received power amount to generate 
the gain control signal. When saturation occurs at input 
ends of A/D converters for digital processing of the 

Fig. 3 


received signal, the target value is switched to the next 
lower target value. Thus, even when the received signal 
includes an interference wave in addition to a desired 
wave, saturation at the Input ends of the A/D converters 
due to the interference wave is prevented, thereby mak- 
ing it possible to maintain favorable reception character- 
istics and suppression of an increased bit error rate in 
digital communication. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to a receiver 
and a gain control method thereof, and more particu- 
larly to a control scheme of a gain control amplifier pro- 
vided in a radio section forming part of a receiver In io 
mobile communication. 

2. Description of the Related Art 

[0002] Generally, in radio communication such as is 
mobile communication, it is l<nown that received power 
at an antenna terminal of a receiver largely varies due to 
the strength of radio waves depending on the distance 
between a transmitter and the receiver or due to the 
strength of radio waves depending on topographic con- 20 
ditions of a site where the transmitter communicates 
with the receiver. When the received power at the 
antenna terminal varies, there exists not only the need 
for setting a wide range of input power to a demodulator 
forming part of the receiver, but also the problem of fail- 25 
Ing to ensure stable reception characteristics due to the 
varying received power. 

[0003] To address the problems, the receiver is pro- 
vided with a gain control amplifier capable of controlling 
gain in a relatively later stage in a radio section forming 30 
part of the receiver and in a stage previous to the 
demodulator such that the gain of the gain control 
amplifier is controlled in accordance with variations in 
received power at the antenna terminal to maintain con- 
stant input power to the demodulator and to ensure sta- 35 
ble reception characteristics. 

[0004] Next, the control method of the gain control 
amplifier is described in detail. First, a received signal is 
demodulated in the receiver and the received power 
amount is derived from the demodulated received sig- 40 
nal. Next, the derived received power amount is com- 
pared with a target value held in the receiver, and if the 
derived received power amount is lower than the target 
value, control is performed such that the gain of the gain 
control amplifier is increased. On the other hand, rf the 45 
derived received power amount is higher than the target 
value, control is performed such that the gain of the gain 
control amplifier is reduced. In this manner, the input 
power amount to the demodulator is adjusted to be con- 
stant and stable reception characteristics can be real- so 
ized. 

[0005] Fig. 1 shows a configuration of the afore- 
mentioned receiver. The receiver shown in Fig. 1 com- 
prises antenna 101 for receiving signals transmitted 
from a base station and for transmitting signals transmit- 55 
ted from a mobile station, antenna sharing device 102 
for separating received signals and transmitted signals, 
high frequency amplifier 103 for amplifying a received 


signal in a radio frequency band, high pass filter 1 04 for 
passing only the frequency band of the received signal, 
frequency converter 1 05 for frequency converting the 
received signal in the radio frequency band into a 
received signal in an intermediate frequency band, 
channel filter 106 for passing only the signal of a 
received channel of the frequency converted received 
signal, gain control amplifier 107 capable of controlling 
gain, orthogonal demodulator 108, baseband filters 109 
and 110, local signal oscillators 111 and 112, transmit- 
ter 113, and digital signal processing unit 114. 
[0006] In the receiver configured as shown in Fig. 1 , 
the received signal received at antenna 101 is inputted 
to high frequency amplifier 103 for amplification through 
antenna sharing device 102. The amplified output is 
inputted to frequency converter 105 through high pass 
filter 104. At frequency converter 105, the received sig- 
nal in the radio frequency band is frequency converted 
into a received signal in the Intermediate frequency 
band using a locally oscillated signal outputted from 
local signal oscillator 111, and then the converted signal 
is outputted. 

[0007] The received signal in the intermediate fre- 
quency band outputted from frequency converter 1 05 is 
inputted to orthogonal demodulator 108 through gain 
control amplifier 107 after channel filter 106 filters out 
any interference wave existing near the received chan- 
nel. At orthogonal demodulator 1 08, the received signal 
in the intermediate frequency band is frequency con- 
verted into a received signal in a baseband using a 
locally oscillated signal outputted from local signal oscil- 
lator 1 12, and the received signal is orthogonal demod- 
ulated for output as a received I component signal and 
a received Q component signal. Thereafter, the 
received I component signal and the received Q compo- 
nent signal are inputted to digital signal processing unit 
1 14 through baseband filters 1 09 and 110, respectively. 
[0008] Digital signal processing unit 114 converts 
analog signals into digital signals and performs digital 
signal processing such as error correction, and in addi- 
tion, calculates the received power from the received 
signal to perform gain control of gain control amplifier 
107. 

[0009] Next, the control operation of gain control 
amplifier 107 is described in detail with reference to Fig. 
2. It should be noted that Fig. 2 shows the details of the 
portions for processing the received signal in the inter- 
mediate frequency band and the portions for processing 
the received signal in the baseband (corresponding to 
digital processing unit 1 14 in Fig. 1) forming part of the 
aforementioned receiver, and the components equiva- 
lent to those in Fig. 1 are denoted with the same refer- 
ence numerals. Since the portions of the receiver for 
processing the received signal In the high frequency 
band overlaps with the portions in Fig. 1 , the description 
thereof is omitted. 

[001 0] Digital signal processing unit 114 comprises 
A/D converters 206 and 207 for receiving outputs from 
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baseband filters 109 and 110 as their inputs, respec- 
tively, baseband digital filters 208 and 209, baseband 
signal processing unit 210, control signal generating 
unit 21 1 , and power calculator 212. 

[0011] The received I component signal and the 5 
received Q component signal outputted from orthogonal 
demodulator 108 are inputted to baseband filters 109 
and 110, respectively, where any interference wave 
existing near the received signals Is removed. Thereaf- 
ter, the received I and Q signals are converted from io 
analog signals into digital signals at A/D converters 206 
and 207, respectively, and inputted to baseband digital 
filters 208 and 209. Baseband digital filters 208 and 209 
respectively filter out any interference wave existing 
near the received channel and limit the bands for pre- 15 
venting intersymbol interference in the digital signals, 
and then the signals are inputted to baseband signal 
processing unit 210 and to power calculator 212, 
respectively. 

[0012] Baseband signal processing unit 210 per- 20 
forms digital signal processing such as error correction. 
The interference wave existing near the received chan- 
nel is sufficiently attenuated in three stages using chan- 
nel filter 106, baseband filters 109 and 110, and 
baseband digital filters 208 and 209. Power calculator 25 
212 calculates the received power amount from the 
received I and Q components signals and outputs the 
calculation result of the received power to control signal 
" generating unit 211. 
. [0013] Control signal generating unit 211 compares 30 

^ the received power amount inputted from power calcu- 

• lator 212 with a target value held in control signal gener- 
' ating unit 211, and controls gain control amplifier 107 in 
accordance with the comparison result. Specifically, if 
the received power amount is lower than the target 35 
value, a control signal for increasing the gain of gain 
control amplifier 107 is generated to cause gain control 
amplifier 107 to increase its gain. Alternatively, if the 
received power amount is higher than the target value, 
a control signal for reducing the gain of gain control 40 
amplifier 107 is generated to cause gain control ampli- 
fier 1 07 to reduce its gain. The target value held in con- 
trol signal generating unit 21 1 is a predetermined value 
so as to prevent saturation at input ends of A/D convert- 
ers 206 and 207. 45 
[0014] Next, a case is considered where the con- 
ventional receiver shown in Fig. 1 and Fig. 2 receives 
both a desired wave and an interference wave which 
exists with strong power to the desired wave In an adja- 
cent channel to a received channel within a receiving so 
frequency band. The desired wave and interference 
wave received at antenna 101 are inputted to channel 
filter 106 through high frequency amplifier 103, high 
pass filter 1 04, and frequency converter 1 05. In the con- 
ventional receiver shown in Fig. 1 and Fig. 2, since the 55 
interference wave existing near the received signal is 
attenuated in a total of three stages using channel filter 
106, baseband filters 109 and 110, and baseband dig- 


ital filters 208 and 209, the interference wave cannot be 
sufficiently attenuated only with channel filter 106. For 
this reason, the desired wave is inputted to gain control 
amplifier 1 07 with some interference wave remaining. 
[0015] The received signal including the desired 
wave and some interference wave is orthogonal demod- 
ulated at orthogonal demodulator 108 after passing 
through gain control amplifier 107, and then baseband 
filters 1 09 and 110 again filter out the interference wave. 
However, the interference wave is not sufficiently 
removed, and the desired wave together with some 
remaining interference wave is Inputted to A/D convert- 
ers 206 and 207 for conversion from analog signal into 
digital signal, and then inputted to baseband digital fil- 
ters 208 and 209 which sufficiently remove the interfer- 
ence wave of the received signal including the desired 
wave and interference wave. The signal is then inputted 
to power calculator 212 and to baseband signal 
processing unit 210. 

[0016] Power calculator 21 2 calculates the received 
power amount of the received signal and outputs the 
calculation result to control signal generating unit 21 1 
as described above. However, despite the reception of 
both desired wave and interference wave, the interfer- 
ence wave is sufficiently attenuated by channel filter 

1 06, baseband filters 1 09 and 1 1 0, and baseband dig- 
ital filters 208 and 209. Thus, the received power is not 
correctly calculated and control signal generating unit 
211 is notified of the received power amount calculated 
only from the desired wave. 

[0017] Control signal generating unit 21 1 compares 
the received power amount with the target value held in 
control signal generating unit 21 1 to generate a control 
signal for controlling the gain of gain control amplifier 

1 07. If the received power amount of the received signal 
is lower than the target value, control signal generating 
unit 211 generates a control signal for increasing the 
gain of gain control amplifier 1 07 to increase the gain of 
gain control amplifier 1 07. 

[0018] As described above, when the conventional 
receiver in a mobile unit shown in Fig. 1 and Fig. 2 
receives both a desired wave and an interference wave 
which exists with strong power to the desired wave in an 
adjacent channel to a received channel, gain control 
amplifier 1 07 receives as its input the Interference wave 
in addition to the desired wave and amplifiers both of 
them. However, the gain control signal for gain control 
amplifier 1 07 is a control signal obtained after the inter- 
ference wave has been sufficiently removed. Therefor, 
the Interference wave causes saturation at the input 
ends of /VD converters 206 and 207 resulting in disad- 
vantages that favorable reception characteristics cannot 
be obtained and the bit error rate Is increased in digital 
communication. 

[0019] When reference is made to the technology in 
JP-A-1 0-1 26301 proposed by the present inventor, it 
discloses the invention for controlling the gain of a 
receiver with emphasis on a characteristic as found that 
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an nth order (n^2) distortion component caused by non- 
linearity of a high frequency amplifier or frequency mixer 
forming part of the receiver is increased or reduced by 
na (dB) in proportion to an increase or reduction in elec- 
trical field intensity by a (dB). 5 
[0020] Specifically, a variable gain amplifier is pro- 
vided at a front end of the receiver and, after the recep- 
tion of a transmitted signal at the receiver, if attenuation 
of the gain amount of the variable gain amplifier by a 
(dB) resulting from control of the gain amount causes io 
the electrical field level of the received signal to be 
attenuated by b (dB) or smaller (a < b), the control of the 
gain amount of the variable gain amplifier is not per- 
formed since it is considered that no cross modulation 
from the interference wave occurs. When attenuation of 15 
the gain amount by a (dB) causes the electrical field 
level of the received signal to be attenuated by b (dB) or 
larger, the gain amount of the variable gain amplifier is 
further controlled since it is considered that cross mod- 
ulation occurs from a plurality of interference waves, 20 
such that the gain amount is increased up to a value at 
which no influence due to cross modulation is found in 
the bit error rate of the received signal. 
[0021] The aforementioned technology in JP-A-10- 
126301 assumes a cross modulation wave as an inter- 25 
ference wave of Interest, but does not contemplate the 
aforementioned case where a receiver receives both 
desired wave and interference wave which exist with 
strong power to the desired wave in an adjacent chan- 
nel to a received channel. 30 

SUMMARY OF THE INVENTION 

[0022] It is an object of the present invention to pro- 
vide a receiver and a gain control method thereof which , 3S 
even when a received signal includes not only a desired 
wave but also an interference wave with strong power 
adjacent thereto, can prevent saturation at input ends of 
an A/D converters caused by the interference wave to 
maintain favorable reception characteristics and to sup- 40 
press an increase in bit error rate in digital communica- 
tion. 

[0023] According to the present invention, a 
receiver is provided. The receiver comprising selecting 
means for selectively deriving a desired wave in a 45 
received wave, gain control amplifying means for ampli- 
fying an output from the selecting means, demodulating 
means for demodulating the amplified output, and gain 
control means for comparing a power amount corre- 
sponding to the demodulated output with selected and so 
set one of a plurality of target values to control gain of 
the gain control amplifying means in accordance with 
the comparison result, wherein the gain control means 
Includes target value switching control means for 
switching the one target value to another target value in 55 
accordance with the presence or absence of an interfer- 
ence wave contained in the demodulated output. 
[0024] In addition, the receiver further comprises 


digital signal processing means for digitally processing 
a baseband signal which is the demodulated output 
from the demodulating means. The digital signal 
processing means includes a digital converter for digi- 
tizing the baseband signal and a filter for filtering out the 
Interference wave component from the digital signal. 
The target value switching control means includes inter- 
ference wave detecting means for detecting the pres- 
ence or absence of the interference wave based on an 
output power amount from the filter and a saturated 
operation state of the digital converter. 
[0025] The target values includes a predetermined 
first target value and a predetermined second target 
value which is lower than the first target value. The tar- 
get value switching control means sets the first target 
value at an initial state, and switches to the second tar- 
get value when the interference wave detecting means 
detects the interference wave in that state. The first tar- 
get value is predetermined such that a received power 
amount at an input terminal of the digital converter 
causes no saturated operation of the converter In a nor- 
mal receiving state with no interference wave present. 
[0026] The receiver further comprises digital signal 
processing means for digitally processing a baseband 
signal which is the demodulated output from the demod- 
ulating means. The digital signal processing means 
includes a digital converter for digitizing the baseband 
signal and a filter for filtering out the Interference wave 
components from the digital signal. The target value 
switching control means includes interference wave 
detecting means for detecting the presence or absence 
of the interference wave based on an output power 
amount from the filter and a state of the digital signal. 
[0027] The interference wave detecting means 
detects an error rate as an output state of the digital sig- 
nal, and detects the presence or absence of the interfer- 
ence wave based on the error rate. The interference 
wave detecting means detects the presence of the inter- 
ference wave when the error rate is equal to or higher 
than a predetermined threshold value. 
[0028] The target value switching control means 
switches the target value from an initial set value to a 
second target value which is lower than the initial set 
value by a certain amount when the error rate is equal 
to or higher than the threshold value, and further 
switches the target value from the second target value 
to a third target value which is lower than the second tar- 
get value by a certain amount when the error rate is 
equal to or higher than the threshold value. The target 
value switching control means stops switching of the 
target value only when the error rate becomes lower 
than the threshold value. The target value switching 
control means switches the target value to the initial set 
value after a certain time has elapsed after the stop of 
switching of the target value. 

[0029] According to the present Invention, a method 
of controlling gain in a receiver is provided. The method 
comprises the steps of selectively deriving a desired 
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wave in a received wave, amplifying the selected output, 
demodulating the amplified output, digitally processing 
and outputting the demodulated output, comparing a 
power amount corresponding to the demodulated out- 
put with selected one of a plurality of target values for a 5 
power amount, amplifying the selected output in accord- 
ance with the comparison result, and controlling switch- 
ing of the selected one target value in accordance with 
the presence or absence of an Interference wave con- 
tained in the demodulated output. 10 
[0030] The receiver is designed to digitize a base- 
band signal which is the demodulated output with a dig- 
ital converter to filter out the Interference wave 
component from the digital signal with a filter. The target 
value switching control step includes an interference is 
wave detecting step for detecting the presence or 
absence of the interference wave based on an output 
power amount from the filter and a saturated operation 
state of the digital converter. 

[0031] The interference wave detecting step 20 
detects the saturated operation state when the digital 
converter provides a continuous maximum output. The 
target values includes a predetermined first target value 
and a predetermined second target value which is lower 
than the first target value. The target value switching 25 
control step sets the first target value at an initial state, 
and switches to the second target value when the inter- 
ference wave detecting step detects the interference 
wave in that state. The first target value is predeter- 
mined such that a received power amount at an input 30 
terminal of the digital converter causes no saturated 
operation of the converter in a normal receiving state 
with no interference wave present. 
[0032] In addition, the receiver is designed to digi- 
tize a baseband signal which is the demodulated output 35 
with a digital converter to filter out the interference wave 
components from the digital signal with a filter. The tar- 
get value switching control step includes interference 
wave detecting step for detecting the presence or 
absence of the interference wave based on an output 40 
power amount from the filter and an output state of the 
digital signal. 

[0033] The Interference wave detecting step 
detects an error rate as the output state of the digital 
signal, and detects the presence or absence of the 45 
interference wave based on the error rate such that it 
detects the presence of the interference wave when the 
error rate is equal to or higher than a predetermined 
threshold value. The target value switching control step 
switches the target value from an initial set value to a so 
second target value which is lower than the Initial set 
value by a certain amount when the error rate is equal 
to or higher than the threshold value, and further 
switches the target value from the second target value 
to a third target value which is lower than the second tar- 55 
get value by a certain amount when the error rate is 
equal to or higher than the threshold value. The target 
value switching control step stops switching of the target 


value only when the error rate becomes lower than the 
threshold value. 

[0034] As described above, although a single target 
value is conventionally set for generating a gain control 
signal, in the present invention, a plurality of target val- 
ues are set which can be switched at a baseband signal 
processing unit. Specifically, the baseband signal 
processing unit monitors the power amount of the 
demodulated baseband signal and the state of the dig- 
ital signal, and switches the initial set target value to the 
second target value which is lower than the initial value 
in response to a continuous high digital signal, a deteri- 
orated bit error rate or the like. The target value is com- 
pared with the received power amount to control the 
gain of the gain control amplifier. 
[0035] When a deteriorated state of the demodu- 
lated digital signal causes a deteriorated bit error rate or 
the like, A/D converters are at a saturated state since 
the input power at the inputs ends of the A/D converters 
is increased. Thus, it can be considered that any inter- 
ference wave is included in the received signal. In this 
case, control for reducing the target value Is performed 
to accordingly reduce the power at the input ends of the 
A/D converters, thereby achieving favorable character- 
istics such as the bit error rate of the demodulated dig- 
ital signal or the like. 

[0036] The above objects, features, and advan- 
tages of the present invention will become apparent 
from the following description based on the accompany- 
ing drawings which illustrate examples of preferred 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] 

Fig. 1 is a block diagram showing a schematic con- 
figuration of a conventional mobile radio; 
Fig. 2 is a diagram showing an example of a config- 
uration of a receiving section in the conventional 
mobile radio; 

Fig. 3 is a block diagram showing an embodiment of 
the present invention; 

Fig. 4 is a flow chart illustrating the operation of the 
embodiment of the present invention; 
Fig. 5 is a block diagram showing another embodi- 
ment of the present invention; 
Fig. 6 is a characteristic diagram showing a rela- 
tionship between a bit error ratio of a received sig- 
nal in a spread spectrum communication scheme 
and a ratio of transmitted power Eb per bit of the 
received signal to noise power No falling in a band; 
and 

Fig. 7 is a flow chart showing the operation of the 
other embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] Embodiments of the present invention are 
hereinafter described with reference to the drawings. 5 
Fig. 3 is a diagram showing an embodiment of the 
present invention, in which the components equivalent 
to those in Fig. 1 and Fig. 2 are denoted with the same 
reference numerals. It should be noted that the entire 
configuration of a receiver in the embodiment is equal to io 
that of the prior art shown in Fig. 1 , and the description 
thereof is omitted. In the embodiment, since the detailed 
configuration of digital signal processing unit 214 is dif- 
ferent from that of digital signal processing unit 114 in 
Fig. 1, only digital signal processing unit 214 Is is 
described. 

[0039] Referring to Fig. 3, digital signal processing 
unit 21 4 comprises A/D converters 206 and 207 for con- 
verting outputted signals from baseband filters 109 and 
1 1 0 from analog signals to digital signals, respectively, 20 
baseband digital filters 208 and 209 for filtering out 
interference waves existing near a received channel 
and for limiting the bands of the received signals to pre- 
vent intersymbol interference in the digital signals, 
baseband signal processing unit 31 0 for performing dig- 25 
ital signal processing such as error correction for the 
received signals, power calculator 212 for calculating 
the power amount of the received signal, and control 
signal generating unit 31 1 having a plurality of target 
values for comparing the power value from power calcu- 30 
lator 21 2 with one of the plurality of target values to gen- 
erate a signal for controlling the gain of gain control 
amplifier 107. Baseband signal processing unit 310 
mentioned above has a function for selecting and set- 
ting one of the plurality of target values in control signal 35 
generating unit 31 1 . 

[0040] In such a configuration, the received signals 
outputted from baseband digital filters 208 and 209, 
respectively, are inputted to baseband signal process- 
ing unit 310 for digital signal processing such as error 40 
correction and also inputted to power calculator 212. 
Power calculator 212 calculates the received power 
amount from the inputted received signals and outputs 
the calculated received power amount to control signal 
generating unit 31 1 and to baseband signal processing 45 
unit 310. 

[0041] Control signal processing unit 31 1 compares 
one of the target values selected and set by baseband 
signal processing unit 310 with the received power 
amount to generate a signal for controlling the gain of so 
gain control amplifier 1 07. If the received power amount 
inputted to control signal generating unit 31 1 Is tower 
than the selected target value, a control signal for 
increasing the gain of gain control amplifier 107 is gen- 
erated. If the received power amount inputted to control 55 
signal generating unit 311 is higher than the target 
value, a control signal for reducing the gain of gain con- 
trol amplifier 107 is generated. 


[0042] The target values held in control signal gen- 
erating unit 31 1 are values determined to cause no sat- 
uration at input ends of A/D converters 206 and 207. In 
the present invention, as described above, control sig- 
nal generating unit 31 1 holds the plurality of target val- 
ues and baseband signal processing unit 310 monitors 
the receiving state such that switching is performed 
between the plurality of target values held in control sig- 
nal generating unit 31 1 In accordance with the receiving 
state. 

[0043] With this configuration, if the receiver simul- 
taneously receives a desired wave and an interference 
wave which exists with strong power to the desired wave 
in an adjacent channel to a received channel and base- 
band signal processing unit 310 determines that the 
interference wave exists in the adjacent channel from 
the present receiving state, then a signal for switching of 
the target values held in control signal generating unit 
311 is generated to change the target value in control 
signal generating unit 31 1 , thus preventing saturation at 
the respective input ends of A/D converters 206 and 
207 due to the power of the interference wave. 
[0044] Baseband signal processing unit 310 uses 
the received power amount notified from power calcula- 
tor 212 and the digital signals outputted from A/D con- 
verters 206 and 207 to determine that the Interference 
wave exists when a high value is continuously detected 
in digital values outputted from ND converters 206 and 
207 with respect to the notified received power amount. 
[0045] Therefore, when an interference wave with 
strong power exists in an adjacent channel to a received 
channel and the receiver simultaneously receives a 
desired wave and the interference wave, the saturation 
at the input ends of A/D converters 206 and 207 can be 
prevented based on the state of the received signal. 
Thus, It is effectively possible to prevent deteriorated 
reception characteristics due to the interference wave 
with strong power existing in the adjacent channel to the 
received channel or to prevent an increase in bit error 
rate in digital communication. 

[0046] The details of the control method of gain 
control amplifier 1 07 is hereinafter described with refer- 
ence to Fig. 3. The received signal which has been 
orthogonal demodulated at orthogonal demodulator 
108 and converted at A/D converters 206 and 207 from 
analog signal to digital signal is Inputted to baseband 
digital filters 208 and 209. The received signal passed 
through baseband digital filters 208 and 209 is inputted 
to baseband signal processing unit 310 and to power 
calculator 21 2, 

[0047] Power calculator 21 2 calculates the received 
power from the inputted received I component signal 
and the received Q component signal and outputs the 
calculation result to control signal generating unit 31 1 
and to baseband signal processing unit 310. Control 
signal generating unit 31 1 which holds in advance the 
target values for output power of a signal outputted from 
gain control amplifier 107, compares one of the held tar- 
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get values with the received power amount. With this 
comparison result, a control signal for increasing the 
gain of gain control amplifier 107 is generated if the 
received power amount is lower than the target value, or 
a control signal for reducing the gain of gain control 5 
amplifier 107 is generated if the received power amount 
is higher than the target value, thereby adjusting the 
input power to A/D converters 206 and 207 to be con- 
stant and controlling the gain of gain control amplifier 
1 07 to cause no saturation at the input ends of A/D con- w 
verters 206 and 207. 

[0048] In the receiver according to the present 
invention, the target values held in control signal gener- 
ating unit 311 are a value a which is predetermined 
such that the received power amount at the input ends 15 
of A/D converters 206 and 207 causes no saturation of 
these converters in a normal reception state with no 
interference wave present, and a value p which is suffi- 
ciently smaller than value a (a > 3)- In an initial state, 
control signal generating unit 31 1 uses the target value 20 
a to control the gain of gain control amplifier 107. 
[0049] Next, the control method of gain control 
amplifier 107 is described for a case where the receiver 
simultaneously receives a desired wave and an interfer- 
ence wave which exists with strong power to the desired 25 
wave in an adjacent channel to a received channel. 
First, the receiver controls the gain of gain control ampli- 
fier 107 using the target value a as described above. 
Thereafter, when the receiver begins receiving the 
desired wave and the interference wave with strong 30 
power existing in the adjacent channel to the desired 
wave, the received signal including the desired wave 
and the interference wave is passed through antenna 
101 , antenna sharing device 102, high frequency ampli- 
fier 103, high pass filter 104, and frequency converter 35 
105, and then inputted to channel filter 106. 
[0050] Channel filter 1 06 cannot sufficiently attenu- 
ate the interference wave existing in the channel adja- 
cent to the desired wave, and the desired wave and the 
interference wave existing in the channel adjacent to the 40 
desired wave are Inputted to gain control amplifier 107 
where the signal is amplified by the gain determined by 
the received power amount of the received signal and 
the target value oc in control signal generating unit 31 1 , 
and outputted from gain control amplifier 107. Then the 45 
signal is passed through orthogonal demodulator 108 
and Is outputted to baseband filters 109 and 110, 
respectively. Baseband filters 109 and 110 attenuate 
only the interference wave of the received signal includ- 
ing the desired wave and the Interference wave and out- so 
put the attenuated signal to A/D converters 206 and 
207. 

[0051] The received signal inputted to A/D convert- 
ers 206 and 207 Is converted from analog signal to dig- 
ital signal and outputted to baseband digital filters 208 55 
and 209. Baseband digital filters 208 and 209 suffi- 
ciently attenuate only the interference wave of the input- 
ted received signal including the desired wave and the 


interference wave and limit the band for preventing Inter- 
symbol interference In the digital signal, and then the 
signal is outputted to baseband signal processing unit 
310 and to power calculator 312. 

[0052] Power calculator 21 2 calculates the received 
power of the received signal and outputs the calculation 
result to control signal generating unit 31 1 as described 
above. The received power of the received signal calcu- 
lated at power calculator 21 2 Is the received power only 
of the desired wave since the interference wave has 
been sufficiently attenuated by channel filter 1 06, base- 
band filters 109 and 110, and baseband digital filters 
208 and 209. 

[0053] Control signal generating unit 31 1 compares 
the received power of the received signal received from 
power calculator 212 with the target value a, and the 
aforementioned control operation is performed such 
that a control signal for controlling the gain of gain con- 
trol amplifier 1 07 is generated to control the gain of gain 
control amplifier 107. 

[0054] However, since gain control amplifier 107 
receives not only the desired wave but also the Interfer- 
ence wave existing in the channel adjacent to the 
desired wave, the desired wave and the interference 
wave are amplified by the gain set for gain control ampli- 
fier 1 07 and then outputted. As a result, AJD converters 
206 and 207 receive the desired wave and the interfer- 
ence wave which have been amplified by the gain set for 
gain control amplifier 107. In other words, A/D convert- 
ers 206 and 207 receive the power including the power 
of the interference wave in addition to the power of the 
desired wave, causing saturation at the input ends of 
A/D converters 206 and 207 with the power of the inter- 
ference wave. 

[0055] Since A/D converters 206 and 207 are satu- 
rated at the input ends, respective outputs from A/D 
converters 206 and 207 are at constant values Irrespec- 
tive of variations in received power at the input terminal 
of antenna 101. The digital signals inputted to power 
calculator 312, baseband digital filters 208 and 209, and 
baseband signal processing unit 310 are also at con- 
stant values. 

[0056] When the inputted digital signal is at a con- 
stant value, baseband signal processing unit 310 
decides that the Interference wave exists in the channel 
adjacent to the received channel using the calculation 
result of the received power transmitted from power cal- 
culator 212 and the inputted digital values to generate a 
signal for switching of the target value used by control 
signal generating unit 311. Control signal generating 
unit 31 1 switches the target value a to the target value p 
based on the switching signal generated from baseband 
signal processing unit 310 to generate a signal for con- 
trolling the gain of gain control amplifier 107. 
[0057] Since the target value a and the target value 
p have the relationship of a > p as described above, the 
gain of gain control amplifier 1 07 is controlled for reduc- 
tion to reduce the output power from gain control ampli- 
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tier 107, thereby eliminating the saturation at the input 
ends of A/D converters 206 and 207. For a method of 
deciding the saturation at the input ends of A/D convert- 
ers 206 and 207 in baseband signal processing unit 310 
as described above, the digital value inputted to base- 5 
band signal processing unit 310 may be monitored, and 
if the inputted digital value becomes discontinuous, it 
may be determined that A/D converters 206 and 207 
become saturated at the input ends, in which case the 
objects of the present invention can also be accom- 10 
plished. 

[0058] Fig. 4 shows a flow chart showing the opera- 
tion of the aforementioned embodiment. First, reference 
is made to the received power calculated by power cal- 
culator 212 and the respective outputs from A/D con- 15 
verters 206 and 207 (step SI), and the presence or 
absence of any interference wave is detected (step S2). 
Specifically, if abnormality in the A/D converted outputs, 
i.e. a continuous maximum digital signal output Is found 
while the received power is controlled at a target value 20 
(the initial set value a in this case), it is considered that 
the interference wave is mixed, and an instruction is 
issued to control signal generating unit 31 1 for generat- 
ing a target value switching signal (step S3). Thus, the 
target value is switched to the second value p. 25 
[0059] At the same time, timer reset (t = 0) is per- 
formed (step S4), and a certain time T has elapsed 
(step S5), then a target value switching signal is gener- 
ated to return from the current second value 3 to the ini- 
tial set value a (step 86). The target value remains at so 
the second value p for the time T because the mixing of 
the interference wave is temporary. The time T may be 
set at a value equal to the gain control period of gain 
control amplifier 107, being the sampling period (T = 
0.625 ms) of the A/D converters, but the time T is not 35 
specifically limited thereto. 

[0060] Further, reference is made to the received 
power and the outputs from the A/D converters (step 
S7), and the presence or absence of the interference 
wave is detected (step S8), and if the interference wave 4o 
is present, the processing from step S3 to S7 is 
repeated. If no interference wave is detected at step S8, 
the processing returns to first step 81 . 
[0061] Fig. 5 shows another embodiment of the 
present invention, and the components equivalent to 45 
those in Fig. 3 are denoted with the same reference 
numerals. In the embodiment, the block diagram show- 
ing the entire configuration of a receiver is also equiva- 
lent to that of the prior art shown in Fig. 1 , and the 
description thereof is omitted. Since the embodiment so 
differs from the embodiment in Fig. 3 in the aspect of 
switching control for setting target values In control sig- 
nal generating unit 41 1 , description is made only for that 
aspect. 

[0062] Baseband signal processing unit 410 55 
includes despread unit 414 for demodulating a spread 
signal and error rate calculator 413 for calculating the 
error rate of the signal resulting from despread unit 41 0. 


It should be noted that despread unit 414 and error rate 
calculator 413 are not particularly provided but com- 
monly provided in a mobile communication device and 
well known. In the embodiment, switching control for 
setting target values in control signal generating unit 
411 is performed based on the calculation result by 
error rate calculator 41 3. 

[0063] Assuming that gain control amplifier 107 
receives as its input a desired wave and an interference 
wave as described above, gain control amplifier 107 
amplifies the desired wave and the Interference wave by 
the gain set therefor and then outputs the amplified 
waves, resulting in saturation at input ends of A/D con- 
verters 206 and 207 due to the power of the interference 
wave as described above. Since the saturation at the 
input ends of A/D converters 206 and 207 due to the 
interference wave causes deterioration of the bit error 
rate calculated by error rate calculator 413, it can be 
seen that not only the desired wave but also the interfer- 
ence wave is received at antenna 101, and processing 
is performed for changing the target value currently set 
in control signal generating unit 41 1 . 
[0064] Fig. 6 is a graph showing a relationship of a 
bit error rate to received power. While Eb/NO (dB), which 
is a rate of received power per bit to noise power falling 
within a band, is represented on the horizontal axis In 
this example, that may be generally considered as a sig- 
nal power to noise power ratio (S/N ratio). As seen in 
Fig. 6, the bit error rate is uniquely defined for the S/N 
and a reduction in S/N leads to a deteriorated bit error 
rate. Thus, a threshold value is set for the bit error ratio 
such that a value equal to or higher than the threshold 
value means that the interference wave can be consid- 
ered as mixed. 

[0065] In this case, a received I component signal 
and a received Q component signal provided to base- 
band signal processing unit 410 are despread at 
despread unit 414 where only the signal in a desired 
channel is acquired from the received signal to calculate 
Eb/NO (dB) as shown in Fig. 6, and the calculation result 
is provided to error rate calculator 413. Error rate calcu- 
lator 413 derives the error rate corresponding to Eb/NO 
(dB) and compares the error rate with the set threshold 
value, thereby deciding deterioration of the received sig- 
nal. 

[0066] In a spread spectrum communication 
scheme, a transmitter spreads the spectrum of a trans- 
mitted signal over a wideband using spread codes such 
as a pseudo noise code (PN code) for transmitted data 
(voice or image). In demodulating a received signal, a 
receiver performs despreading with the same code as 
the spread code used for the spread spectrum on the 
transmitting side in the same spread timing. When the 
despread is correctly performed on the receiving side, 
only a desired channel can be acquired and all received 
signals through channels other than the desired chan- 
nel are considered as noise signals. Thus, despreading 
at despread unit 414 enables the calculation of Eb/NO 
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(dB). 

[0067] The operation of the embodiment is herein- 
after described more specifically. Baseband signal 
processing unit 410 generates a control signal for 
changing the target value to control signal generating 5 
unit 41 1 . Control signal generating unit 41 1 changes the 
target value used in controlling the gain of gain control 
amplifier 107 to again control the gain of gain control 
amplifier 107. The target value to be changed is deter- 
mined as follows. Specifically, since a received power io 
amount notified from power calculator 212 is obtained 
only from the desired wave since it is a power amount of 
the received signal after the interference wave is 
removed. For this received power, the error rate of the 
received signal calculated at error rate calculator 41 3 is is 
referenced, and the amount of attenuation of the output 
power from gain control amplifier 1 07 is derived such 
that the en^or rate is at a desired value for the received 
power. 

[0068] Since the derived attenuation amount Is 20 
equal to a value of attenuation of the gain of gain control 
amplifier 107, a new target value based on the derived 
attenuation amount, that is, derived by subtracting the 
attenuation amount from the current target value, is set 
for control signal generating unit 411 . When the receiver 25 
simultaneously receives the desired wave and the inter- 
ference wave which exists with strong power to the 
desired wave in a channel adjacent to a received chan- 
nel, baseband signal processing unit 410 can set the 
target value in control signal generating unit 41 1 in con- 30 
trolling the gain of gain control amplifier 107 by the 
receiver based on the error rate of the received signal. 
Therefore, the power of the interference wave saturates 
A/D converters 206 and 207 at the input ends thereof, 
and as a result, it is possible to prevent deteriorated 35 
reception characteristics and a deteriorated bit error 
rate in digital communication, allowing the objects of the 
present invention to be achieved. 
[0069] Fig. 7 is a flow chart showing the details of 
the operation of the embodiment. Referring to Fig. 7, 40 
reference is made to the received power calculated by 
power calculator 412 and the respective outputs from 
A/D converters 206 and 207 (step S11), and the pres- 
ence and absence of any interference wave is detected 
(step SI 2). Specifically, If abnormality in the A/D con- 45 
verted outputs is detected while the received power is 
controlled at a target value (the Initial set value a in this 
case), the error rate is referenced (step S13). If the error 
rate is larger than the set threshold value (step SI 3), an 
instruction Is Issued for switching from the current target so 
value (a) to a target value (value derived by subtracting 
one) lower than the current value (a) by a certain 
amount (step S15). 

[0070] The error rate at that point is referenced 
(step SI 6) and similarly compared with the set thresh- 55 
old value (step SI 7). The switching to a lower target 
value and the comparison with the threshold value for 
the error rate are repeated until the error rate is lower 


than the set threshold value. When the error rate is 
lower than the set threshold value at step S1 7, the state 
at that point is maintained for a certain time T (steps 
SI 8 and 81 9). The reason for setting the certain time T 
and the value of the time T are the same as those 
described at step S5 in the flow chart in Fig. 4. The tar- 
get value is reset to the initial value a after the time T 
has elapsed (step S20). 

[0071] The presence or absence of any interfer- 
ence wave is also detected at this state (steps S21 and 
S22), and if any interference wave is again detected, the 
target value is returned to the previous value (step S23), 
and the process returns to step SI 6. If no interference 
wave is detected at step S22, the process returns to first 
step S1 1 . 

[0072] As described above, according to the 
present invention, in the receiver with the function for 
maintaining constant amplification gain of the received 
signal by comparing the received power with the target 
value, the plurality of target values are set such that the 
target value is switched to the next lower target value 
when saturation occurs at the input ends of the A/D con- 
verters for digital processing of the received signal or 
deterioration of the received bit error rate occurs. There- 
fore, even when the received signal Includes any inter- 
ference wave In addition to the desired wave, it Is 
possible to prevent saturation at the input ends of the 
A/D converters due to the interference wave to maintain 
favorable reception characteristics and to suppress an 
increase in bit error rate in digital communication. 
[0073] Although certain preferred embodiments of 
the present invention have been shown and described 
in detail, it should be understood that various changes 
and modification may be made therein without depart- 
ing from the scope of the appended claims. 

Claims 

1 - A receiver comprising: 

selecting means for selectively deriving a 
desired wave in a received wave; 
gain control amplifying means for amplifying an 
output from said selecting means; 
demodulating means for demodulating the 
amplified output; and 

gain control means for comparing a power 
amount corresponding to the demodulated out- 
put with selected and set one of a plurality of 
target values to control gain of said gain control 
amplifying means in accordance with the com- 
parison result, 

wherein said gain control means includes tar- 
get value switching control means for switching 
said one target value to another target value in 

accordance with the presence or absence of an 
interference wave contained in said demodu- 
lated output. 
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2. The receiver according to claim 1 , furtlier compris- 
ing digital signal processing means for digitally 
processing a baseband signal which is the demod- 
ulated output from said demodulating means, 
wherein said digital signal processing means 5 
includes a digital converter for digitizing said base- 
band signal and a filter for filtering out said interfer- 
ence wave component from the digital signal, and 
wherein said target value switching control means 
includes interference wave detecting means for 10 
detecting the presence or absence of said interfer- 
ence wave based on an output power amount from 
said fitter and a saturated operation state of said 
digital converter. 

15 

3. The receiver according to claim 2, wherein said 
interference wave detecting means detects said 
saturated operation state when said digital con- 
verter provides a continuous maximum output. 

20 

4. The receiver according to claim 1 , wherein said tar- 
get value includes a predetermined first target 
value and a predetermined second target value 
which is lower than said first target value, and 
wherein said target value switching control means 25 
sets said first target value at an initial state, and 
switches to said second target value when said 
interference wave detecting means detects said 
interference wave in that state. 

30 

5. The receiver according to claim 4, wherein said first 
target value is predetermined such that a received 
power amount at an input terminal of said digital 
converter causes no saturated operation of said 
converter in a normal receiving state with no inter- 35 
ference wave present. 

6. The receiver according to claim 4, wherein said tar- 
get value switching control means switches said 
second target value to said first target value after a 40 
certain time has elapsed from the switching to said 
second target value. 

7. The receiver according to claim 1 , further compris- 
ing digital signal processing means for digitally 45 
processing a baseband signal which is the demod- 
ulated output from said demodulating means, 
wherein said digital signal processing means 
includes a digital converter for digitizing said base- 
band signal and a filter for filtering out said interfer- so 
ence wave components from said digital signal, and 
wherein said target value switching control means 
Includes interference wave detecting means for 
detecting the presence or absence of said interfer- 
ence wave based on an output power amount from 55 
said filter and a state of said digital signal. 

8. The receiver according to claim 7, wherein said 
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interference wave detecting means detects an error 
rate as an output state of said digital signal, and 
detects the presence or absence of said interfer- 
ence wave based on said error rate. 

9- The receiver according to claim 8, wherein said 
interference wave detecting means detects the 
presence of said interference wave when said error 
rate is equal to or higher than a predetermined 
threshold value. 

10. The receiver according to claim 9, wherein said tar- 
get value switching control means switches said 
target value from an initial set value to a second tar- 
get value which is lower than said initial set value by 
a certain amount when said error rate is equal to or 
higher than said threshold value. 

11- The receiver according to claim 10, wherein said 
target value switching control means further 
switches said target value from said second target 
value to a third target value which is lower than said 
second target value by a certain amount when said 
error rate is equal to or higher than said threshold 
value. 

12. The receiver according to claim 11, wherein said 
target value switching control means stops switch- 
ing of said target value oniy when said error rate 
becomes lower than said threshold value. 

13. The receiver according to claim 12, wherein said 
target value switching control means switches said 
target value to said initial set value after a certain 
time has elapsed after the stop of switching of said 
target value. 

14. A method of controlling gain in a receiver, compris- 
ing the steps of: 

selectively deriving a desired wave in a 
received wave; 

amplifying the selected output; 
demodulating the amplified output; 
digitally processing and outputting the demod- 
ulated output; 

comparing a power amount corresponding to 
the demodulated output with selected one of a 
plurality of target values for a power amount; 
amplifying the selected output in accordance 
with the comparison result; and 
controlling switching of said selected one target 
value in accordance with the presence or 
absence of an interference wave contained in 
the demodulated output. 

15. The method of controlling gain according to claim 
14, wherein said receiver is designed to digitally 
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detects the presence of said interference wave 
when said error rate is equal to or higher than a pre- 
deternnined threshold value. 
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process a baseband signal which Is said dennodu- 
lated output with a digital converter to filter out said 
interference wave component from the digital signal 
with a filter, wherein said target value switching con- 
trol step includes an interference wave detecting 5 23. 
step for detecting the presence or absence of said 
interference wave based on an output power 
amount from said filter and a saturated operation 
state of said digital converter. 


16. The method of controlling gain according to claim 
15, wherein said interference wave detecting step 
detects said saturated operation state when said 
digital converter provides a continuous maximum 
output. 

17. The method of controlling gain according to claim 
14, wherein said target values includes a predeter- 
mined first target value and a predetennined sec- 
ond target value which is lower than said first target 
value, and wherein said target value switching con- 
trol step sets said first target value at an initial state, 
and switches to said second target value when said 
interference wave detecting step detects said inter- 
ference wave in that state. 

18. The method of controlling gain according to claim 
17, wherein said first target value is predetermined 
such that a received power amount at an input ter- 
minal of said digital converter causes no saturated 
operation of said converter in a normal receiving 
state with no interference wave present. 

19. The method of controlling gain according to claim 
1 7, wherein said target value switching control step 
switches said second target value to said first target 
value after a certain time has elapsed from the 
switching to said second target value. 

20- The method of controlling gain according to claim 
14, wherein said receiver is designed to digitize a 
baseband signal which is said demodulated output 
with a digital converter to filter out said interference 
wave components from said digital signal with a fil- 
ter, and wherein said target value switching control 
step includes interference wave detecting step for 
detecting the presence or absence of said interfer- 
ence wave based on an output power amount from 
said filter and an output state of said digital signal. 

21. The method of controlling gain according to claim 

20, wherein said interference wave detecting step 
detects an error rate as the output state of said dig- 
ital signal, and detects the presence or absence of 
said interference wave based on said error rate. 

22. The method of controlling gain according to claim 

21 , wherein said interference wave detecting step 


method of controlling gain according to claim 

22, wherein said target value switching control step 
switches said target value from an initial set value to 
a second target value which is lower than said initial 
set value by a certain amount when said error rate 

10 is equal to or higher than said threshold value. 

24- The method of controlling gain according to claim 

23, wherein said target value switching control step 
further switches said target value from said second 

15 target value to a third target value which is lower 
than said second target value by a certain amount 
when said error rate is equal to or higher than said 
threshold value. 

20 25. The method of controlling gain according to claim 

24, wherein said target value switching control step 
stops switching of said target value only when said 
error rate becomes lower than said threshold value. 

25 26- The method of controlling gain according to claim 

25, wherein said target value switching, control step 
switches said target value to said initial set value 
after a certain time has elapsed after the stop of 
switching of said target value. 

30 

27. The method of controlling gain according to claim 

26, wherein said target value switching control step 
switches said target value to the previous target 
value when said interference wave is again 

35 detected after the switching to said initial set value. 
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